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The directional orientations of leads in the winter ice pack of the
Beaufor’1  Sea arc studied both spatially and temporally. I>ata from
the European Earth Resources Satellite- 1 @.KS-  1 ) Synthetic Aper-
ture Radar (SAR)  was used. I“he SAR data was produced in image
form at the Alaska SAR Facility (ASF) with 100n~ x 100m pixel
resolution. I’hc lead ice pixels, which included all non-multiyerrr
ice, were defined using a simple thresholding of Ihc radar backscat-
ter valrrcs. The orientations of the leads covering the Bcaufort  Sea
during the period of January through March of 1992 were derivd
using a lead skeletoniz.ation technique. Results show a strong tem-
poral persistence in the distribution and orientation of the leads dur-
ing this period. The orientation of leads newly-formed within a 3-
day period were then compared to both the local and large-scale ice
deformation fields. Results show a consistent relationship between
the orientations of the newly-formed leads and the principal direc-
tion of shear within the ice motion fields.

Inlroduc(ion

Basin-wide Lead Orientations and Distribution

The Beaufort  Sea was sampled with SAR irnagcry during January
through March of 1992. Four time periods around day-of-year
(cloy) 17, 41, 66 and 88 were studied with from 82 to 93 images
(100n1 x IOOm pixel resolution) for each time period. Kwok and
Ctrrrningham (1994) showed that multi-year ice and first-year or
younger ice can be distinguished using radar backscatter  measure-
ments. With this in mind, each SAR image was “classified” using a
backscatter  value of - 14dB  as a threshold, ‘I’he ice with backscauer
lower than the threshold was classified as lead ice for this study,
which essentially includes all non-multiyear ice.

Each of the classified images was then analyzed using a lead skele-
tonization tcchniquc described in Banfield (1992). This skeletoniza-
tion scheme determines a variety of parameters describing the
characteristics of each lead in an image. A sample portion (-- 20kn]
x 15km) of a classified image with results from the skeletonization
analysis is seen in Figure 1. As shown by the white line segments,
both straight leads and connected or branchrxf lead segments are

l’he characterization of lead structures in the Arctic Ocean sea-ice
cover has been made mostly through the use of visual imagery with
limited spatial and temporal sampling, Barry et al. (1 989) roughly
mapped large scale lead feat ures for one day in each of three con-
secutive years from DMSP visible imagery for comparison with
geostrophic wind patterns. Marko and l’homson (1977) analyzed in
detail an occurrence of lead-formation in relation to the local ice
deformation field. In this study, we attempt to study lead orientation
characteristics over the entire Beaufort Sea dtn ing a three-month
period. I’his is possible through the use of ERS- 1 SAR image data
and automated techniques for determining lead orientations and
both local and Iargc-scale ice deformation ticlds.

This study WPS  carried out in two parts. First, the basimwidc  lead
distribution was studied on the large scale both spatially and tcn]po-
rally. Second, the directional orientations of newly opened Icads
WC]-C compared to the principal direction of shear within both the
local and large-scale icc rnmion  fields.

Figure 1. A subsccnc of a classified SAR image with results from
the skelctonization  analysis shown as white line segments.
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included in the. msrrlts. After leads or lead segments with limited
size or exccssivc  curvature were filtcr~ out, thc o]-ientations  of Ihc
leads and Icad segments were gathered into 10° dircctiona] bins.

‘1’hc plots in  I:igorcs 2a-d summarize the lead population) for the
region, ‘1’he time span of the sampled SAR  images is given at the
top of each plot. “1’hc results from each SAR image arc rcprcscnted
by a c]trslcr of ]inc.s p]otlcd at the image ccntcr. }:ach hc of a c]us-
tcr has length relative to the rrumbcr of leads or lead segments in its
plotted direction bin. Some .gcneral characteristics of the lead popu-
lations arc readily observed. ‘1’here appears to be a rather sharp tran-
sition zone angling from (78,5°N, 1600W) toward (76°N, 120°W)
delineating generally cast-west aligned leads to the north and north-
south aligned leads in the south, The SAR images in this transition
zone readily show a mixture of these two directional maxima. “1’he
southern field contains more leads with a larger variance in direc-
tional orientation. Also, there is little temporal change in these
fields, except in Figure 2d where the northern half appears to ccm-
tain more leads with a larger variance in direc~ions.

I’hcsc rcsalts  secm to show a rat})cr s[atic lead population. Since

this study was made during a period of lirnitcd large scale ice
movcrncnt, ncw leads forrnin~ at t}jis time arc possibly very thin
and may not bc sufficiently discerned by this classitjcatiorl schcmc.
DUC  to the threshold classification sctrcmc, many of the leads irtcn-
tified in this dataset contain icc that may bc days, weeks or even
months old and therefore may not bc responsive to the local defor-
mation field. If these older, thicker leads sufficiently populate the
data, the result ofa static field would not bc surprising. l~or this rea-
son, fur thcr studies were made looking spc.cifical]y ar newly -
forrncd leads.

Newly.forn)cd I,ead Oricntalions

‘1’hc rc]atior]s}rip bctwccrl the orientations of ncw]y-opened leads
and the local and large-scale deformation fields was studied. Pairs
of SAR images taken 3 days apart were visually sampled to find
new]y-forrnd  leads. A set of 37 pairs of SAR irnagcs containing
these new leads was used. Ile orientations of the leads were r~~ea-
sured and compared to both the local and large-scale deformation
fields. These fields are characteri~ by the direction of the axis of

l;igrrrc 2, RCSUIIS  of the Icad oricn[atiorr  samplirlg. “J’hc ]inc clusters are ccntcred at t}lc SAR irnagc locations
a) DOY  16- 18; b) I>OY 40-42; c) I>OY 6468; d) DOY 87-89.
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maximum s[m~ching  dc.fcmnation, or the principal direction of
sllcar, “1’tlc.  s~iiliir  ma~nitudc  of die shear t is defined  ifs:

while the principal direction of shear O is defined as:

where u and v arc the ice velocity components in the x and y direc-
tions of a polar stereographic grid for the period between SAR
images (3 days). Using the ice motion tracker described in Kwok ef
al. (1990), the local shear vector is calculated from the deformation
of a regular grid of points spaced at Skm intervals covering the
overlapping areas of the two SAR images. The large scale shear
vc.ctor is calculated from daily large scale ice motion fields pro-
duced from surface pressure fields, ice buoy data and SAR ice
motion data (Kwok and Colony, in preparation).

I’hc s})car vectors from the large and small scale ice motion fields
arc compared in I:igures 3a and 3b. The dashed lines show the least-
squares fit corresponding to the correlation coefficient (r) and slope
(m) values on the plots, The results show reasonably good agree-
ment in both magnitude and direction, Also shown is the relation-
ship between the lead direction and the corresponding principal
ditection of shear for both the large  scale  (Fig. 3c) and local  (Fig,
3d) ice deformation fields. I Iere,  the dashed lines show t}]c mean

value of the. angle differences. Ihe data show consistent mean angle
differences of 72.1° and 72,7° relative to bed] large SCNIC  and loetil
icc motion, respectively.

C o n c l u s i o n s

“IIIc first parl of this study showed a persistent lead population over
the winter Beaufon  Sca in the first months of 1992. As previously
n~e.ntioncd, the leads classified here probably contain some thicker
first-year ice formed during the fall transition and early winter
months. Furdler work should be done to correlate the lead patterns
[o the overall ice stress  patterns of the fall and early winter months.

~’hc relationship between newly-formed lead angles and ice defor-
mation parameters is consistent within the dataset  described here.
T’hc study of Marko and l’homson  (1977) found a lead forming at
an angle of 14° to the major compression axis of the ice motion.
HAingsson (1988) summarized other studies with angles ranging
from 14° to 16°. This study results in an angle between the lead and
compression axis of 17° to 18°.

This study illustrates both the use of SAR imagery for lead charac-
terization and the automation of directional comparisons with both
large and small scale ice deformation. This work is preliminary in
that the lead skclctonization  scheme includes other lead parameters
such as lead area and average width. Analysis of these additional
lead parameters along with the use of a more robust lead classifica-
tion scheme are areas for further work.
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}:igurc 3. Comparisons of ice deformation angles and newly-formed
lc.ad cnitmttitions, a) I)eformation magnitudes of largc-
scalc versus local ice motion; b) Principal direction of
shear - for - large-scale versus local ice motion; c) I&ad
angle. versus large-scale principal direction of shear; d)
l~ad  angle versus local principal direction of shear.
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